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1.0 INTRODUCTION 
This  final documentation r e p o r t  covers  t h e  work accomplished d u r i n g  t h e  
Booster S e p a r a t i o n  Motor Development Program mder c o n t r a c t  No. NAS 8-31672. 
The c o n t r a c t ,  i n i t i a t e d  on 25 August 1975 and completed on 30 June 1980, 
covered t h e  des ign ,  development, f a b r i c a t i o n ,  t e s t i n g ,  e v a l u a t i o n ,  and f l i g h t  
q u a l i f i c a t i o n  of t h e  Space S h u t t l e  Booster S e p a r a t i o n  Motor (BSM). 
included d e l i v e r y  of f l i g h t  hardware to  suppor t  t h e  research and development 
(RLD, f l i g h t s  of t h e  Space S h u t t l e .  
It also 
T h i s  r e p o r t  is prepared i n  accordance with the i n s t r u c t i o n s  of Data Require- 
ment No. MA 10(M: of t h e  Xnformation Requirement Document SE-019-024-2H(M), 
E x h i b i t  L ,  of the c o n t r a c t .  As such ,  t h e  r e p o r t  p rovides  a brief n a r r a t i v e  for 
each of the program tasks or work s ta tement  paragraphs.  These n a r r a t i v e s  Sum- 
marize t h e  purpose and scope, r e s u l t s ,  conc lus ions ,  and recommendations as 
appropriate  for each t a sk .  
S e c t i o n  2.0 of t h i s  r e p o r t  provides  t h e  reader wi th  a program overview 
i n c l u d i n g  a g e n e r a l  d e s c r i p t i o n  of the BSM hardware t h a t  w a s  developed and a 
summary s c h e d u l e  so that t h e  time r e l a t i o n s h i p s  of t h e  major t a s k s  can be 
e a s i l y  v i s u a l i z e d .  
To f ac i l i t a t e  t h e  direct c o r r e l a t i o n  of this r e p o r t  t o  t h e  s ta tement  of 
work (Sr)W), s e c t i o n s  3.0 through 8.0 are titled and numbered i d e n t i c a l l y  to t h e  
paragraphs of the SOW being addressed. 
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2.0 PROGRAM OVERVIEW 
The Boos te r  S e p a r a t i o n  Motor Progrem o r i g i n a l l y  c o n s i s t e d  o f  t h ree  phases:  
development, q u a l i f i c a t i o n ,  and d e l i v e r y .  As the program progressed  and the 
s o l i d  rocke t  booster (SRB) f u n c t i o n s  became more d e f i n i t i z e d ,  additional crite- 
ria and requi rements  were imposed upon the BSM and the program evolved i n t o  s i x  
s e p a r a t e  areas: development, p r e q w l i f i c a t i o n ,  q u a l i f i c a t i o n ,  d e l i v e r y ,  aging 
and s u r v e i l l a n c e ,  and humidity motor tasks. 
schedule  i n  figure 2-1. 
These are shown i n  the program 
The development of the basic motor was completed and c r i t i ca l  des ign  
review (CDR was held  wi th in  17 months of p re l imina ry  desigp review (PDR) ,  w i t h  
a t o t a l  of e ight  development motors s u c c e s s f u l l y  tested to demonst ra te  compli- 
ance w i t h  the requi rements  of the motor model s p e c i f i c a t i o n .  
The Aeroheat S h i e l d  (AHS)  Program, c o n s i s t i n g  of three phases ,  was per- 
formed c o n c u r r e n t l y  w i t h  the motor p r e q u a l i f i c a t i o n  and q u a l i f i c a t i o n  e f f o r t s  
and r equ i r ed  15 months fkom r e c e i p t  o f  Change Order 28 (which def ined  conf igu ra -  
t i o n )  to t h e  s u c c e s s f u l  test o f  p r e q u a l i f i c a t i o n  u n i t  No. 1 (PQ-11, equipped 
w i t h  a p ro to type  AHS cover .  This  15-month pe r iod  inc luded  the  f a i l u r e  analy- 
ses, r edes ign ,  and retest e f f o r t  r e s u l t i n g  from t h e  f a i l u r e  o f  t h e  AHS f r a n g i -  
b l e  l i n k  dur ing  a scen t  v i b r a t i o n  o f  the PQ-1 motor. This f a i l u r e  added approxi- 
mately 7 months to t h e  q u a l i f i c a t i o n  p o r t i o n  of t h e  prog:am. 
The p r e q u a l i f i c a t i o n  p o r t i o n  of the program became necessa ry  because t h e  
r e d e f i n i t i o n  of t he  environmental  test requi rements  called for motor test demon- 
s t r a t i o n  p r i o r  to  i n i t i a t i n g  q u a l i f i c a t i o n  t e s t i n g .  Completion of the p requa l i -  
f i c a t i o n  testing of one a f t  and one forward BSM, each equipped wi th  its appro- 
p r i a t e  cove r ,  was completed i n  October of 1978, after completion of t h e  r ev i sed  
environmental  test series described i n  s u b s e c t i o n  2.1.8 and t h e  f a b r i c a t i o n  o f  
t h e  AHS p r o t o t y p e  cover .  
The q u a l i f i c a t i m  p o r t i o n  o f  t h e  BSM program c o n s i s t e d  of testing of 14 
motors ,  made up o f  10 forward motors and four  a f t  motors. These motors were 
sepa ra t ed  i n t o  two groups,  s i x  s t a t i s t i c a l  tests and eight environmental  tests. 
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These motors were b u i l t  and t e s t e d  over 17 mc,lths and led to a s u c c e s s f u l  
desim c e r t i f i c a t i o n  review (DCR) i n  March 1979 and a q u a l i f i c a t i o n  cer t i f ica-  
t i o n  review (QCR) immediately following i n  A p r i l  1979. 
Four booster staging motor c o n f i g u r a t i o n s  were q u a l i f i e d  for f l ight use:  
P a r t  No. D e s c r i p t i o n  
B12095-01-01 Forward motors wi th  t r a n s d u c e r  por t  plugged 
B12095-02-01 Forward motors wi th  p r e s s u r e  t r a n s d u c e r  installea 
B12095-03-01 A f t  motor with t r a n s d u c e r  p o r t  plugged 
B12095-04-01 A f t  motor with p r e s s u r e  t r a n s d u c e r  installed 
The a f t  and forward motors differ mainly i n  t h e  e x t e r n a l  cork i n s u l a t i o n  
provided f o r  the a f t  motor o n l y  and t h e  unique type of n o z z l e  covers  used i n  
t h e  f l i g h t  c o n f i g u r a t i o n  o f  each motor. F i g u r e s  2-2 and 2-3 show t h e  unique 
a f t  p o r t i o n s  of the forward and af t  motor f l i g h t  c o n f i g u r a t i o n s ,  r e s p e c t i v e l y .  
F i g u r e s  2-4 and 2-5 show the forward and a f t  motors, r e s p e c t i v e l y ,  i n  t h e i r  
s h i p p i n g  c o n f i g u r a t i o n s .  The s h i p p i n g  c o n f i g u r a t i o n s  are conver ted  to  f l i g h t  
c m f i g u r a t i o n s  wi th  the assembly of t h e  a p p r o p r i a t e  a f t  or forward mer a n i c a l  
hardware set ( i n s u l a t e d  a f t  seal  or aeroheat s h i e l d )  a t  t h e  launch sites. For 
t he  development flight motors,  one i n  f , i u r  was equipped wi th  f l i g h t  p r e s s u r e  
t r a n s d u c e r s .  
The f l i g h t  d e l i v e r y  p o r t i o n  of the  program c o n s i s t e d  of t h e  manufacture ,  
assembly, acceptance test ,  and shipment of 107 BSM f l i g h t  motors ( i n c l u d i n g  
three s p a r e s )  c o n s i s t i n g  o f  54 of  t h e  forward and 53 of t h e  a f t  c o n f i g u r a t i o n s  
(three as spares). 
30-month p e r i o d ,  15 months of which overlapped the  q u a l i f i c a t i o n  phase and 
10 months of which overlapped t h e  p r e q u a l i f i c a t i o n  phase. 
extended t h e  f inal  motor d e l i v e r i e s  by almost 6 months and was caused p r i m a r i l y  
by t h e  f r a n g i b l e  l i n k  f a i l u r e  dur ing  a p r e q u a l i f i c a t i o n  test and its subsequent  
r e s o l u t i o n .  
(see s u b s e c t i o n  4.8.1) and spares (see s e c t i o n  5.0). 
The f l i g h t  motors were manufactured and d e l i v e r e d  over  a 
This o v e r l a p  per iod 
CSD also Gelivered a d d i t i o n a l  through-bulkhead i n i t i a t o r s  (TBIs) 
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The aging and s u r v e i l l a n c e  program ms i n i t i a t e d  i n  1977, with the opem- 
t i o n a l  phase starting af te r  the a v a i l a b i l i t y  of flight hardware I n  mid-1979. 
The schedule  i n  figure 2-1 shows the  accelerated aging (1200F) motors and a 
dissected motor being tested i n  mid-1981. 
remain to be t e s t e d  i n  1984. 
The ambient tempera ture  motors 
The  humidity motor test  program c o n s i s t e d  of assembly and storage of one 
forward BSM and one a f t  BSK :n-pad a t  Kennedy Space Center  (KSC)  for 6 months, 
w i th  subsequent  s ta t ic  testing of  these u n i t s  a t  Chemical Systems Div i s ion  
(CSD). 
age cond i t ions .  
The test data i n d i c a t e d  no degrada t ion  as a r e s u l t  o f  t h e  on-pad s t o r -  
The boos te r  s t a g i n g  motor program was s u c c e s s f u l l y  concluded on 30 June  
As stated above, only t he  o p e r a t i o n a l  s u r v e i l l a n c e  phase of the  aging 1980. 
and s u r v e i l l a n c e  test program remains. This is planned to be accomplished 
under a s e p a r a t e  c o n t r a c t  i n  mid-1981 and i n  1984. 
The o v e r a l l  conc lus ions  o f  the program were tha t  the BSM des igns  met a l l  
requirements  of t h e  s p e c i f i c a t i o n  and would perform s a t i s f a c t o r i l y  in f l i g h t .  
These conclus ions  were suppor ted  by t h e  results obta ined  on the s u c c e s s f u l  
STS-1 f l i g h t  o f  12 A p r i l  1981 prior t o  p u b l i c a t i o n  of t h i s  report. 
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Aerohert shldd /- cover rssembly 
\ w 
-Right-side installation 
shown; left-side installa- 
tion opposite 
Machine 
screw 
HUMIDITY SEAL JOINT 
Figure 2-2. BSM Forward Flight Configuration with Aeroheat Shield Cover 
V- 12225 
Socket herd 
cap screw 
Insulated 
AFT HEAT SEAL JOINT 
Figure 2-3. B S M  A f t  F l i g h t  Configuration w i t h  Aft Heat Seal 
V-12226 
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Redundant O-ring seal, 
Aft closure lnsulrtlon 
(1016-1025 steel) 
graphlte transducer velostrt bag) (UTP-19,WS) 
Figure 2-4. BSM Forward S h i p p i n g  Configuration 
A Cork insulation 0.25 in. thick 
V- 12224 
Figure 2-5. BSM Aft S h i p p i n g  Configuration 
V-12314 
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3.0 SUMMARY DISCUSSION OF PROGRAM DEVELOPMENT TASKS 
3.1 MOTOR (DEVELOPMENT) 
The purpose of t h i s  task was to e s t a b l i s h  a program to develop  a Booster 
S e p a r a t i o n  Motor, a p p l i c a b l e  to t h e  Space S h u t t l e  Solid Rocket Booster, which 
meets the requirements  of the BSM Model S p e c i f i c a t i o n ,  d a t e d  18 August 1975, 
and t h e  I n t e r f a c e  Cont ro l  Document ( I C D )  3-44007, dated 5 November 1976. 
CSD f u l f i l l e d  t h i s  task dur ing  t h e  per iod from 25 August 1975 through 
30 June 1980 v i a  the completion of t h e  effort  described i n  t h e  f o l l o w i n g  
paragraphs.  
3.1.1 Design and Development P lan  
The purpose of t h i s  task was to conduct the development program i n  accor- 
The p l a n  dance wi th  a contractor-genei-ated des ign  and development p l a n  (DDP). 
is defined by Data Requirement SE-2(M) and was to i n c l u d e  a l l  t h e  s p e c i f i e d  
des ign ,  development, and test f u n c t i o n s  called for by t h e  National Aeronaut ics  
and Space Adminis t ra t ion  (NASA) SOW acid made1 s p e c i f i c a t i o n  I n c l u d i n g  those fzir 
the aerohea t  s h i e l d  and hea t  seal added by Supplemental  Agreement (S/k) 54. 
CSD complied wi th  t h i s  requirement  by p r e p a r i n g  and s u b m i t t i n g  t h e  "BSM 
Design and Development Plan,"  CSD 5180-85-1. 
Revision A ,  Change 1 vers ion  of t h i s  p l a n ,  dated 17 December 1975. 
Approval was giver) by NASA to  t h e  
3.1.2 Design Reviews 
The purpose of t h i s  task was to establ ish requirements  f o r  formal d e s i g n  
reviews c o n s i s t i n g  of a PDR, a CDR, and a QCR. The reviews were r e q u i r e d  to  
g i v e  p r d g r e s s i v e l y  greater de t a i l  and s u b s t a n t i a t i o n  of the d e s i g n s  a t  t he  
s u c c e s s i v e  phases of t h e  progran completed i n  accordance wi th  the schedule .  
means of S/A 54, It was s p e c i f i e d  t h a t  s e p a r p t e  PDRs and CDRs be  h e l d  f o r  the 
aeroheat s h i e l d .  CSD accomplished t h e s e  reviews 2s described i n  t h e  f o l l a w i n g  
subsec: t i o n s  , 
By 
3.1.2.1 PDR - Motor 
The motor PDR was h e l d  a t  CSD on the  ? 2 t h  and 13th of February 1976. 
F i n a l  c lose-out  of a l l  review Item d e s c r i p t i o n s  ( R I D S )  was accomplished and 
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d e s i g n  approval  r ece ived  v i a  Marsha l l  Space F l i g h t  Center  (MSFC! let ter EE11 
(BSM 76-10), dated 3 March 1976. 
3.1.2.2 CDR - Motor 
The motor CDR was held a t  MSFC on 14, 15, 16, and 17 Jvne 1977, d u r i n g  
which a total o f  70 RIDS were gene ra t ed .  
accomplished and d e s i p  approva' rece ived  v i a  MSFC letter EE11 ( B S M  79-71, 
dated  5 March 1979. 
F i n a l  c l o s e o u t  of a l l  R I D S  was 
3.1-2.3 QCR 
The QCR f o r  the BSM i n c l u d i n g  covers  ( ae rohea t  s h i e l d  and a f t  heat seal) 
w a s  held a t  MSFC on 9 A p r i l  1979. This mi l e s tone  event  occur red  after comple- 
t i o n  ol the  14-motor q u a l i f i c a t i o n  test program. A t  t h i s  time, a C e r t i f i c a t i o n  
o f  Q u a l i f i c a t i o n  was prepared  for t h e  Boos ter  S e p a r a t i o n  Mobor and approva l  by 
NASA was cosp le t ed  on 1 June 1979. 
3.1.2.4 DCR - Design C e r t i f i c a t i o n  Review 
T h i s  a d d i t i o n a l  3pel:ial review bas i e l d  to meet NASA r equ i r emen t s  to cer- 
t i f y  a l l  designs o f  t h e  SRB and its scbsystems and components p r i o r  t o  first 
f l i g h t .  
21 March 1979. 
NASA documentation f o r  t h i s  review. 
CSD p a r t i c i p a t e d  i n  t h i s  review during a s e s s i o n  held a t  MSFC on 
Wri t t en  i n p u t s  were provided by rSD for i n c o r p o r a t i o n  i n t o  t h e  
3.1.2.5 Prq - Cover 
The cover PDR was h e l d  a t  CSD on August 21 through 31, 1977. A follow-on 
review was completed a t  MSFC on 21 and 22 September 1977. Design approval  was 
~ . ? s i * . ~ d  v i a  MSFC letter EE11 (BSM 77-60], dated 26 September 1977, based upon 
c l o s e  out  o f  15 RID items. 
3.1.2.6 CDR - Cover 
The  cover CDR w a s  he ld  a t  MSFC on 24 and 25 January 1978. A t o t a l  o f  28 
R I D S  were genera ted .  
approval  w a s  rece ived  v i a  MSFC le t te r  EE11 (BSM 79-7), dzted 5 March 1979. 
F i n a l  c l o s e o u t  o f  a l l  R I D S  was aqcomplished and des ign  
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3.1.3 
3.1.3.1 C o n t r a c t o r  System T e s t i n g  
3.1.3.1.1 C o m p a t i b i l i t y  
Subsystem and Vehicle System T e s t s  
The purpose of t h i s  task was to demonstrate  c o m p a t i b i l i t y  between t h e  
Government-furnished i g n i t i o n  system and the forward and a f t  BSM c l u s t e r s .  
CSD s u c c e s s f u l l y  completed t h i s  ta3k by test firing q u a l i f i c a t i o n  motors 
Q-2 (at  3OoF) and Q-6 (at  13OoF), which were equipped wi th  Government-furnished 
i g n i t i c n  harnesses .  The test c o n f i g u r a t i o n  i n  each test c o n s i s t e d  of t h e  
four-motor , confined d e t o n a t i n g  f u s e  (CDF) i g n i t i o n  h a r n e s s  comected to  the 
i g n i t e r  of t h e  BSM and to three  other open-air  mounted igniters, a l l  equippe.1 
w i t h  dua l  TBIs. Both tests r e s u l t e d  i n  s imul taneous  i g n i t i o n  of all i g n i t e r s  
as requi red .  
3.1.3.1.2 I n i t i a t o r  Redundancy 
The purpose of t h i s  task was to demonstrate  i n i t i a t o r  redundancy by f i r i n g  
both single and d u a l  i n i t i a t o r s  i n  f u l l - s c a l e  motor tests. Also, one addi- 
t ional i n i t i a t o r  test was tn be performed w i t h  (1) a s i n g l e  i n i t i a t o r  off-  
loaded by 15%, ( 2 )  a booster charge reduced by wi th  15%, and (3) an i g n i t e r  
g r a i n  off-loaded by 15%. 
T h i s  t a s k  was f u l f i l l e d  by t h e  s u c c e s s f u l  testing of t h e  two p r e q u a l i f i c a -  
t i m  motors and eight of t h e  14 q u a l i f i c a t i o n  motors wherein only one TBI was 
a c t u a t e d .  The combined 15% offload c o n d i t i o n s  were s u c c e s s f u l l y  demonstrated 
on t h e  PO-2 p r e q u a l i f i c a t i o n  motor. 
3.1.3.:.3 Shock and V i b r a t i o n  
The purpose of t h i s  t a s k  was to determine t h e  shock and v i b r a t i o n  l e v e l s  
genera ted  by o p e r a t i o n  o f  the BSM. The desired data were to  be obta ined  t y  two 
accelerometer measurements for each of t h e  t h r e e  main axes .  
T h i s  task was f u l f i l l e d  by us ing  accelerometers on a l l  e ight  developccnt  
motors,  threc? each mounted on t h e  motor case and t h r e e  each mounted on t h e  noz- 
zle. 
these da ta  w a s  provided t o  NASA f o r  a n a l y s i s  and e v a l u a t i o n .  
Examination of t h e  test data showed no anomalous behavior  and a copy of 
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3.1.3.1.4 Review and Analys is  of Ground T e s t s  
The purpose of t h i s  t a sk  w a s  to a s s u r e  t h a t  no d e l e t e r i o u s  effects would 
occur  i n  the flight program by ana lyz ing  performance data obta ined  f r o m  BSM 
system and component s ta t ic  tests.  This  a n a l y s i s  was in tended  to d i s c o v e r  or 
i d e n t i f y  any t r e n d s ,  d e v i a t i o n s ,  and biases which might p o s s i b l y  have a n  impact 
on t he  f l i g h t  program. 
CSD F u l f i l l e d  t h i s  requirement  w i t h  a n a l y s e s ,  e v a l u a t i o n ,  and assessment  
o f  data performed throughout the development, p r e q u a l i f i c a t i o n ,  q u a l i f i c a t i o n  
( v e r i f i c a t i o n ) ,  and product ion motor acceptance  test  program. Appropr ia te  
design changes were made an t h e  basis of da t a  obta ined  at  v a r i o u s  e a r l y  stages 
of the program. Data from t h e  numerous tests of t h e  f i r i l  c o n f i g u r a t i o n s  
during q u a l i f i c a t i m  and batch acceptance  testing show no i n d i c a t i o n s  t h a t  any 
d e l e t e r i o u s  effects will occur.  
3.1.4 S t r e n g t h  and Stress Analys is  
The purpose of t h i s  t a s k  was to a s s u r e  adequate  s t r u c t u r a l  i n t e g r i t y  of 
each BSM component as well as the complete n o t o r  assembly. 
CSD accomplished t h i s  o b j e c t i v e  by performing the  s p e c i f i e d  a n a l y s e s  on 
t h e  BSM p r o p e l l a n t  g r a i n  and a l l  i n e r t  components. 
documented i n  the fol lowing detailed s t r u c t u r a l  ana lyses :  
Adequacy of t h e  designs are 
0 "Booster S e p a r a t i o n  Motor Stress Analys is  Report  ,It CSD 5180-76-2, Revi- 
s i o n  B ,  da ted  12 September 1978 
"Booster S e p a r a t i o n  Motor Aeroheat Shie ld  Cover S t r e s s  Analys is , "  
CSD 5180-78-56, Revision B ,  Change 1 ,  2 A p r i l  1979 
"Booster s e p a r a t i o n  Motor A f t  Heat Seal S t r u c t u r a l  Analysis ,"  CSI? 5180- 
78-55, Change 1 ,  dated 22 September 1978. 
0 
0 
3.1.5 F r a c t u r e  Cont ro l  P lan  
The purpose of t h i s  t a s k  was to g e n e r a t e  and implement a f r a c t u r e  c o n t r o l  
plan for a l l  BSM components to a s s u r e  s t r u c t u r a l  i n t e g r i t y  and s e r v i c e a b i l i t y  
throughout their  s e r v i c e  l i fe .  
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CSD complied by prepa r ing  and s u b m i t t i n g  the "Frac tu re  Con t ro l  Plan" 
(CSD 5180-75-101, whose i n i t i a l  draft w a s  submi t t ed  on 21 October 1975. 
p l a n  evolved through s e v e r a l  r e v i s i o n s  and the final approved p l a n  was sub- 
m i t t e d  on 14 December 1976. 
T h i s  
Evidence of s a t i s f a c t o r y  a t t a i n m e n t  of a l l  the f r a c t u r e  c o n t r o l  p l a n  
requi rements  is conta ined  i n  "Resul t s  o f  F r a c t u r e  Mechanics Analys is  and Tes t -  
i ng , "  C S D  5180-77-20, Change 1, submitted to NASA on 28 August 1978. 
3.1.6 Combustion S t a b i l i t y  
This task r equ i r ed  e a r l y  s t a b i l i t y  a n a l y s e s  and t e s t i m g  o f  candidate pro- 
p e l l a n t  fo rmula t ions  to a i d  i n  the s e l e c t i o n  p r o c e s s  for t h e  BSM p r o p e l l a n t .  
I n  a d d i t i o n ,  it requ i r ed  testing of the final p r o p e l l a n t  i n  t h e  a c t u a l  motor 
geometry to v e r i f y  stable combustion under o p e r a t i n g  c o n d i t i o n s  even when a n  
e x t e - n a l l y  induced chamber p r e s s u r e  p u l s e  was a p p l i e d  to the motor. The pur- 
pose was to v e r i f y  t ha t  uniform, p r e d i c t a b l e  performance w a s  ob ta ined  wi th  no 
high pressures that could exceed cortponent limits. 
T-burner testing and s t a b i l i t y  a n a l y s e s  were performed on cand ida te  p rope l -  
l an t  fo rmbla t ions  to a s s u r e  stable performance of the p r o p e l l a n t  selected for 
t h e  BSM. 
P u l s e  motor firings were conducted du r ing  t h e  developmei,t program and 
r e s u l t s  r epor t ed  i n  t h e  "BSM Development Motor T e s t  Report ," CSD 5180-77-17, 
dated 5 May 1978. 
n o t o r s  as discussed i n  the  KBSM C e r t i f i c a t i o n  Report ," CSD 5180-75-109, dated 
30 A p r i l  1975. A l l  data v e r i f i e d  t h a t  the p r o p e l l a n t  and motor system opera ted  
i n  a completely stable manner. 
P u l s e  t e s t i n g  was also performed on the  two p r e q u a l i f i c a t i o n  
3.1.7 Chamber P r e s s u r e  Measurements 
The purpose of t h i s  t a s k  was to determine an optimum l o c a t i o n  and an o p t i -  
mum method for mounting a f l i g h t  p r e s s u r e  t r a n s d u c e r  on t h e  motor to o b t a i n  
i n -  f l i g h t  chamber p r e s s u r e  measurements 
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CSD d e s i g n  s t u d i e s  supported by NASA concluded that t h e  optimum l o c a t i o n  
for a p r e s s u r e  t r a n s d u c e r  was i n  the forward end of t h e  motor e n t e r i n g  t h e  cham- 
ber through the igniter a d a p t e r .  
t i o n  of p r e s s u r e  t r a n s d u c e r s  for a l l  grourx! t e s t i n g  of t h e  BSM. For the  one i n  
four  f l ight  motors equipped with t r a n s d u c e r s  (-02-00 and -04-00 conf igura-  
t i o n s ) ,  the t r a n s d u c e r s  are i n s t a l l e d  and s a f e t y  wired  i n  p l a c e  dur ing  f i n a l  
f a c t o r y  assembly before the motor leak check is made. 
o u t  t r a n s d u c e r s  (-01-00 and -03-00 c o n f i g u r a t i o n s )  are equipped wi th  p l u g s  
i n s t a l l e d  i n  the t r a n s d u c e r s  p o r t s  of the i g n i t e r  a d a p t e r s .  
T h i s  l o c a t i o n  uas also u s a b l e  for rnstalla- 
The fl ight motors with- 
3.1.8 Environmental  T e s t s  
T h i s  task was r e v i s e d  v i a  Change Order 36, which was i s s u e d  after comple- 
t i o n  of the development motor testing and imposed additional environmental  test  
requirements .  The original environmental  test requirements  were accomplished 
and r e p o r t e d  i n  t he  “Development Motor T e s t  Report ,” CSD 5180-77-17. 
t i o n a l  test requirements  were to be v e r i f i e d  on two p r e q u a l i f i c a t i s n  test 
motors (see s u b s e c t i o n  3.1.9 below) p r i o r  t o  i n i t i a t i n g  t h e  q u a l i f i c a t i o n  test 
series i n  which these environments would also be a p p l i e d  to the following test 
a r  t ic1 es : 
The addi- 
T e s t  -
Humidity and s a l t  fog* 
Aeroheat ing 
Vibra t ion  and temperature’ 
Re-entry v ibra t ion .  
Shock* 
- Motor Type 
Forward and a f t  
Forward 
Forward and a f t  
Forward ( p o s t t e s t  1 
A f t  
CSD accomplished a l l  the above environmental  tests i n  accordance w i t h  t h e  
“BSM P r e q u a l i f i c a t i o n  Motor T e s t  P lan ,”  CSD 5180-78-4, Revis ion  B, Change 2. 
During the v i b r a t i o n  tests of the forward motor, t h e  f r a n g i b l e  l i n k  of the aero- 
heat s h i e l d  failed. An i n v e s t i g a t i o n  was conducted and des ign  and p r o c e d u r a l  
changes were =!e to correct t h e  def ic iency .  Subsequent ly ,  t he  new des ign  
Added by Change Order 36 ’ Revised by Char.ge Order 50 
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aerrtheat s h i e l d  assembly was v i b r a t i o n  tested on an i n e r t  motor, remated wi th  
the p r e p u a l i f i c a ' i o n  motor, and s u c c e s s f u l l y  s t a t i c  fired on 1 November 1978. 
The a f t  a n f i g u r a t i o n  p r e q u a l i f i c a t i o n  motor, PQ-2, exper ienced  no problems as 
a r e s u l t  of environmental  tests and was s u c c e s s f u l l y  test fired on 16 March 
1978 bfter completion of these tests. 
3.1 ' :  P r e q u a l i f i c a t i o n  Test Motors 
This t a s k ,  added v i a  Change Order 36, provided the test ar t ic les  for the  
m v f - o m e n t a l  tests s p e c i f i e d  i n  s u b s e c t i o n  3.1.8 above and also served  as 
test ar t ic les  for the two a d d i t i o n a l  p u l s e  firings described p rev ious ly  i n  
subst  c t i o n  3.1.6. 
These motors were s u c c e s s f u l l y  tested and r e s u l t s  were r e p o r t e d  i n  t h e  
"BSM C e r t i f i c a t i o n  Report ," CSD 5180-75-109. A l l  test o b j e c t i v e s  were com- 
p l e t e d  s a t i s f a c t o r i l y ,  p e r m i t t i n g  i n i t i a t i o n  of the v e r i f i c a t i o n  program. 
3.2 E R I F I C A T I C N  PROGRAM (QUALIFICATION) 
3 i s  s e c t i o n  summarizes the v e r i f i c a t i o n  program t a s k s .  
3 2.1 Genera l  
T h i s  SOU paragraph e s t a b l i s h e d  the primary o b j e c t i v e s  to be accomplished 
by tk v e r i f i c a + ' a  p rocess  and r equ i r ed  t h e  p r e p a r a t i o n  and implementation o f  
a v e r i f i c a t i o n  program to meet these o b j e c t i v e s  either by test, a n a l y s e s ,  or a 
combination of the two. 
CSD prep:-red the "Qual i f ica t ion  T e s t  P l an , "  CSD 5180-77-16, whose o r i g i n a l  
submi:.til was made tr  NASA on 20 May 1977 t o  f u l f i l l  the v e r i f i c a t i o n  p l ann ing  
r e q u i r e n e n t s .  7 % -  f inal  i s s u e  o f  this r e p o r t ,  approved by NASA, was Revis ion  D ,  
Change 3, wh: -*-. was submi t ted  on 14 March 1979. 
were imple...ented by CSD, and BSM q u a l i f i c a t i o n  a c t i v i t i e s  were carried out dur- 
i n g  1 F - B  and completed i n  March 979. 
m i t : - 1  of t he  " E M  C e r t i f i c a t i o n  Repor t , "  Volumes I and I1 (CSD 5180-79-109, 
The r equ i r emen t s  of t h i s  p l a n  
These a c t i v i t i e s  cu lmina ted  i n  t h e  sub- 
.,ed 20 A p r i l  1979). 
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3.2.2 V e r i f i c a t i o n  by T e s t  
T h i s  SOW paragraph def ined  v e r i f i c a t i o n  by test, which is a formal demon- 
s t r a t i o n  mder c o n t r o l l e d  c o n d i t i o n s  and procedures  to v e r i f y  that the  f l i g h t  
c o n f i g u r a t i o n  motor assemblj meets the desi@ requirements .  
V e r i f i c a t i o n  that the BSM assembly met each of the requirement  paragraphs  
of S p e c i f i i a t i o n  CPSC 0726, P a r t  I, is i n d i c a t e d  i n  t h e  "BSM C e r t i f i c a t i o n  
Report ," Volume I,  and is s p e c i f i c a l l y  summarized i n  table 2-2, pages 8 through 
21, of tha t  r e p o r t .  
3.2.3 C e r t i f i c a t i o n  by Analys is  
This  paragraph def ined  v e r i f i c a t i o n  by a n a l y s e s  where t e s t i n g  is not  feas- 
i b l e  or there is a need to e x t r a p o l a t e  data beyond performed test limits. 
Table 2-2 of t h e  "BSM C e r t i f i c a t i o n  T e s t  Report" i d e n t i f i e s  those BSM 
requirements  whose f u l f i l l m e n t  CSD v e r i f i e d  by t h i s  method. 
3.2.4 V e r i f i c a t i o n  T e s t  Procedures  
T h i s  SOW paragraph r e q u i r e s  t he  p r e p a r a t i o n  of test procedures  for each 
test to be performed and s p e c i f i e s  the c o n t e n t  of these procedures .  
CSD used test procedures  which were incorpora ted  i n  t h e  test p l a n  or 
inc luded  i n  t h e  s p e c i f i c  o p e r a t i o n s  and q u a l i t y  records (O1QRs) a p p l i c a b l e  t o  
t h e  opera t ion  or a!ticle. Samples of these prcjcedures are provided i n  Volume 
I1 of  t he  "BSM C e r t i f i c a t i o n  Report." 
3.2.5 V e r i f i c a t i o n  T e s t  C o n t r o l s  
3.2.5.1 Hardware C o n f i g u r a t i o c  
T h i s  t a s k  r e q u i r e s  that v e r i f i c a t i o n  hardware be i d e n t i c a l  to  f l i g h t  hard- 
ware and tha t  any d e v i a t i o n s  fran t h e  f l i g h t  c o n f i g u r a t i o n s  be documented and 
approved by NASA. Change Order 44 added cork i n s u l a t i o n  t o  f o u r  a f t  q u a l i -  
f i c a t i o n  motors.  
T h i s  requirement was f u l f i l l e d  i n  accordance w i t h  t h e  requirements  of the  
"Configurat ion Management Plan," CSD 5180-75-4, which s t r i c t l y  c o n t r o l l e d  t h e  
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BSM c o n f i g u r a t i o n s  dur ing  the v e r i f i c a t i o n  program, i n c l u d i n g  t h e  i n s t a l l a t i o n  
of the  cork i n s u l a t i o n .  
3.2.5.2 T e s t  Readiness Review 
This t a s k  es tab l i shed  the  requi rements  for a test r e a d i n e s s  review p r i o r  
t o  the start of v e r i f i c a t i o n  testing. 
The p r e t e s t  r e a d i n e s s  review covering both  the p r e q u a l i f i c a t i m  and q u a l i -  
f i c a t i o n  motors was he ld  at  CSD on 15 March 1978. k n u t e s  of t h i s  review were 
t r a n s m i t t e d  t o  NASA. 
3.2.5.3 C o n s t r a i n t s  
This t a s k  p r o h i b i t e d  ad jus tments  or r e p a i r  of test items d u r i n g  v e r i f i c a -  
t i o n  t e s t i n g .  
This  requirement  was f u l f i l l e d  by adherence to t h e  c o n f i g u r a t i o n  c o n t r o l  
procedures  and was monitored by s t r ic t  q u a l i t y  assuance (CIA) s u r v e i l l a n c e  of 
a l l  v e r i f i c a t i o n  t e s t i n g .  
3.2.5.5 F a i l u r e  Repor t ing  and C o r r e c t i v e  Act ion 
This task e s t a b l i s h e s  t he  r u l e s  for  f a i l u r e  r e p o r t i n g ,  p r o h i b i t s  a "no 
test" d i s p o s i t i o n ,  and o u t l i n e s  c o r r e c t i v e  a c t i o n  requirements .  
CSD complied wi th  these requirements  as evidenced by s u b m i t t a l s  of t h e  
fol lowing problem and r e s o l u t i o n  r e p o r t s :  CSD 5180-78-40, CSD 5180-78-41, CSD 
5180-79-93, and CSD 5180-79-113. 
3.2.5.6 R e v e r i f i c a t i o n  
This  t a s k  e s t a b l i s h e s  the c o n d i t i o n s  under which r e v e r i f i c a t i o n  t e s t i n g  is 
r e q u i r e d ,  and the a c t i o n  to be taken i f  any of t h e  c o n d i t i o n s  e x i s t .  
CSD performed no r e v e r i f i c a t i o n  t e s t i n g  d u r i n g  the v e r i f i c a t i o n  program. 
3.2.6 Test Reports  
This  t a s k  established t h e  requirement  for v e r i f i c a t i o n  test r e p o r t s  p e r  
Data Requirement TM-3(M;. 
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CSD completed t h i s  requirement  v i a  s u b m i t t a l  of t h e  "BSM C e r t i f i c a t i o n  
Report ," CSD 5180-79-109. 
3.3 SUPPORT EQUIPMENT AND TOOLING 
This t a s k  r e q u i r e d  the c o n t r a c t o r  to des ign  and develop the  s u p p o r t  equip-  
ment and t o o l i n g  (SEIT) n e c e s s a r y  to suppor t  a l l  non-launch si te a c t i v i t i e s  of 
the program. The t a s k  inc luded  i n s p e c t i o n ,  process  and test t o o l i n g ,  s p e c i a l  
test  equipment (STE), handl ing  equipment,  and s h i p p i n g  c o n t a i n e r s .  
This  task w a s  completed wi th  t he  fabricatim and procurement of a l l  
r e q u i r e d  tooling and equipment necessary  to conduct t h e  program. Tool ing  lists 
were generated and maintained throughout  t h e  program and, at the  conclus ion  of 
t h e  program, the items were i n v e n t o r i e d  and stored for use on f u t u r e  BSM 
product ion.  
3.3.1 Design Engineer ing  and T e s t  Support  for Vehicle A c t i v i t i e s  
This task r e q u i r e d  the  c o n t r a c t o r  t o  f u r n i s h  a list of recommended SELT 
which might be used at N A S A  c e n t e r s  and t h e  SRB assembly c o n t r a c t o r ' s  f a c i l i t y .  
Addi t iona l ly ,  the  c o n t r a c t o r  w a s  to review NASA and v e h i c l e  c0ntract .w docu- 
ments s p e c i f y i n g  test requirements  and a c c e p t a b i l i t y  cri teria for c o m p a t i b i l i t y  
wi th  t he  BSM system. 
CSD provided a recommended SEbT l'st to MSFC for review and c o n s i d e r a t i o n .  
CSD also performed reviews of SRB documents to a s s u r e  c o m p a t i b i l i t y  of t h e  BSM 
system with the  SRB. As a r e s u l t  of t h i s  t a s k ,  CSD provided a leak test f i x -  
t u r e ,  PIN 80337-0028, to be used at the a p p r o p r i a t e  f i e l d  sites. 
3.4 0THE.S END ITEMS AND SPECIAL ANALYSES 
3.4.1 Mock-up 
3.4.1.1 
T h i s  t a sk  requi red  t h e  f a b r i c a t i o n  and maintenance of one f u l l - s c a l e  BSM 
hard dimensional  mockup for i n t e r f a c e  d e f i n i t i o n  and o t h e r  e n g i n e e r i n g  
a c t i v i t i e s .  
CSD completed an engineer ing  mock-up to  ass is t  i n  i n t e r f a c e  and motor 
envelope d e f i n i t i o n s .  
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1.4.1.2 
This t a sk  r e q u i r e d  the  f a b r i c a t i o n  and d e l i v e r y  of four up-to-date BSM con- 
f i g u r a t i o n s  to be used f o r  checkout of BSM handl ing  equipment and i n s t a l l a t i o n  
procedures  at a p p r o p r i a t e  f i e l d  sites. 
CSD f u l f i l l e d  t h i s  mock-up requirement i n  September and November 1977. Two 
each of the i n e r t  mock-up motors were sh ipped  on 9 September 1977 and accep ted  
v i a  DD-250 No. 5180-0002 executed  on 19 September 1977. The final two mi ts  
were shipped on 18 November 1977 and accepted v i a  DD-250 No. 5180-0003, exe- 
cu ted  on 25 January  1978. 
3.4.2 Aging S u r v e i l l a n c e  Program Plan  
T h i s  t a s k  e s t a b l i s h e d  the requirement f o r  the g e n e r a t i o n  and implementa- 
:ion of an aging s u r v e i l l a n c e  program p lan  to p rov ide  a s su rance  tha t  t h e  opera- 
t i o n a l  r e l i a b i l i t y  of the BSM would be maintained for a per iod e q u a l  t o  or 
greater than the requ i r ed  s e r v i c e  l i f e  of t h e  BS4. Emphasis was p laced  on 
( 1 )  the  c o l l e c t i o n  o f  p e r t i n e n t  and v a l i d  data, (2) the  - ' - a r a c t e r i z a t i o n  of 
&odes and c r i t e r i a ,  (3)  the g e n e r a t i o n  of s e r v i c e  l i fe  estimates, and (4) t h e  
compi la t ion  of dzta f o r  f a i l u r e  d i agnos i s .  Aging s u r v e i l l a n c e  s t a t u s  r e p o r t s  
were t o  be submi t ted  cm an as- requi red  basis. 
CSD gene ra t ed  and submi t ted  t h e  "Aging S u r v e i l l a n c e  Program P l a n , "  
C . 3  5180-75-12, on 30 October 1975. The Revis ion  A i s s u e  of t h i s  p l ~ .  dated 
8 January  1976, was approved by NASA on 10 A p r i l  1976. 
w a s  released on 30 May 1979 to update  the q u a n t i t i e s  of s u r v e i l l a n c e  motors 
from product ion  batches, to update t he  schedu les  to reflecL actual cast dates, 
and to update the o r g a n i z a t i o n  chart. 
DCN 1 t o  t h i s  document 
The ag ing  s w v e i l l a n c e  program cons i s t ed  o f  fou r  s p e c i f i c  areas of a c t i v i t y  
as described below. 
3.4.2.1 Environmental S imula t ion  
Bond-in-tension (BIT) JANNAF s t r e s d s t r a i n  and s t r a n d  burn rate test sam- 
p l e s  weve to be tested over 48 months a t  three t empera tu res  and two humidity 
l e v e l s .  
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Results obtained from samples stored for 12 months were reported i n  
Technical Note 5180-TD-12, January 1978. 
provided i n  CSD 5180-81-159, dated 19 February 1981. 
A l l  data through the 48th month a re  
3.4.2.2 Sampling 
The range of propellant properties a t  high, nominal, and low specification 
limits w a s  to be tested for composition, JANNAF stresslstrain, and cured strand 
burn ra te  values. 
Th i s  effor t  w a s  successfully completed and t h e  data were provided t o  NASA 
as Attachment I of CSD 5180-77-2, dated 10 February 1977. 
3.4.2.3 Accelerated Aging Tests 
Propellant and propellant-liner-case samples were to undergo accelerated 
aging at two temperatures and be tested a t  0-, 3-, 6-, 9- and 12-month inter- 
vals for JANNAF s t ress / s t ra in ,  peel streng'n BIT, and cured s t r a n d  burn ra te  
values. 
T h i s  effor t  was successfully completed and the  data were provided to NASA 
i n  Appendix I of CSD 5180-79-134, dated 21 December 1979. 
3.4.2.4 Operational Surveillance Program 
T h i s  t ask  required t h e  manufacture of s i x  BSM motors and appropriate sam- 
ples from production batches to be tested a f te r  2 years of 1209 accelerated 
aging storage (three motors) and a f t e r  5 years of ambient storage (three 
motors). 
t hen  to  be dissected and sample tests performed. 
One additional motor was also to  be stored for  2 years at 120°F and 
T h i s  e f for t  has yet to  be completed because of the long storage period 
(2 and 5 years) and delays i n  the processing of production motors. The accel- 
erated agsd motor f i r ings and sample and dissection motor testing are presently 
scheduled to take place i n  June 1981. 
ple  testing are scheduled to occur i n  June 1984. A t  the present time, provi- 
sions have been in i t ia ted  to perform t h i s  testing and reporting under separate 
contract w i t h  United Space Boosters Inc. (USBI). 
The 5-year ambient motor f i r ings and sam- 
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The r e s u l t s  of all data p r e s e n t l y  a t  hand i n d i c a t e  that t h e  BSM motors 
w i l l  f u n c t i m  as r e q u i r e d  throughout  t h e  5-year s e r v i c e  l i fe  when handled and 
s t o r e d  i n  accordance with establ ished procedures .  
3.4.3 Mix Acceptance Motor T e s t s  
T h i s  task r e q u i r e d  t h e  c o n t r a c t o r  to s t a t i c  test two motors from each 
product ion  p r o p e l l a n t  batch.  These motors were to be randomly selected and t h e  
product ion  motors from these batches were t o  be accepted o n l y  af ter  approval  by 
NASA of t h e  test motor data. Tes t  data w a s  to  be provided v i a  informal  flash 
test r e p o r t s .  
This  e f f o r t  w a s  s u c c e s s f u l l y  completed and all p e r t i n e n t  test d a t a  were 
providea v i a  t h e  r e q u i r e d  flash r e p o r t s  as follows: 
Date Froduct ion Batch No. F l a s h  Report  No. -
1 
2 
3 
C S D  5 180-78-57 
CSD 5180-79-100 27 February 1979 
CSD 5 180-79- 120 
20 September 1978 
27 J u l y  1979 
3.4.4 Conf igura t ion  Management 
T h i s  task r e q u i r e d  the  conduct of  a c o n f i g u r a t i o n  management program i n  
accordance w i t h  SE-019-31-2H d u r i n g  t h e  BSM program. 
CSD complied wi th  t h e  above requirements  by g e n e r a t i n g  and implementing 
t h e  "BSM Conf igura t ion  Management P lan ,"  CSD 5180-75-4, da t ed  28 August 1975. 
3.4.5 B S M  Case Master I n t e r f a c e  Tool  
Change Order 6 d i r e c t e d  the des ign ,  f a b r i c a t i o n ,  i n s p e c t i o n ,  and d e l i v -  
e r y  of one BSM case master i n t e r f a c e  tool each for use by McDonnell Douglas 
Corporat ion.  
CSD complied w i t h  t h i s  d i r e c t i o n  upon d e l i v e r y  of the  BSM Case Master 
I n t e r f a c e  Tool, P/N 812018-T20, GPID t25041-00, Drawing and I n s p e c t i o n  Report  
t o  the McDonnell Douglas Corporat ion via DD 250 No. CSD-001, dated 11 November 
1976. 
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4.0 DELIVERABLE BOOSTER SEPARATION KlTORS 
4 . 1  GENERAL 
T h i s  task r e q u i r e d  t h e  c o n t r a c t o r  to  fabricate, assemble, i n s p e c t ,  accep- 
tawe tes t ,  check o u t ,  a7d d e l i v e r  104 BSMs i n  accordance w i t h  t h e  r e q u i r e m e n t s  
of the Cont rac t  End Item ( C E I )  S p e c i f i c a t i o n  C P S C  07268 and I n t e r f a c e  Cont ro l  
Document I C D  3-44007 per t h e  d e l i v e r y  s c h e d u l e  of E x h i b i t  G. 
C S D  completed t h e  d e l i v e r y  of 52 forward and 52 a f t  BSMs and associated 
mechanical hardware sets for a total of 104 f l i g h t  d e l i v e r i e s .  
4.2 CONFIGURATION 
This  t a s k  r e q u i r e d  that  the  c o n f i g u r a t i o n  b a s e l i n e  to  be def ined  as t h e  
one established i n  accordance wi th  the CDR (see s u b s e c t i o n  3.1.2).  Moreover, 
t h i s  t a s k  r e q u i r e d  tha t  the b a s e l i n e  serve as the  i n i t i a t i o n  p o i n t  for formal  
change approval  of  C l a s s  I e n g i n e e r i n g  changes. 
CSD complied w i t h  t h i s  requirement  wi th  t h e  impos i t ion  of formal  configura-  
t i o n  c o n t r o l  and a c c o u n t a b i l i t y  a t  CDR. 
4.3 FABRICATION 
T h i s  t a s k  r e q u i r e d  t h e  f a b r i c a t i o n ,  assembly, test, and i n s p e c t i o n  
requirements  to be i n  accordance w i t h  CEI C P S C  0 7 2 6 A ,  the q u a l i t y  a s s u r a n c e  
program requirements  of paragraph 7.3.1 , and other approved program plans  as 
a p p r o p r i a t e .  
CYD f u l f i l l e d  t h e  requi rements  of t h i s  t a s k  throughout  t h e  f l ight BSM 
product ion phase of t h e  program. All f l i g h t  motors were manufactured mi 
accepted i n  accordance with the requirements  of t h e  C E I ;  t h e  approved 
f a b r i c a t i o n ,  process, and test procedures;  and t h e  QA i n s p e c t i o n  and test 
procedures .  
4.4 PREPARATION FOR DELIVERY 
T h i s  t a s k  r e q u i r e d  t h e  BSM t o  be d e l i v e r e d  i n  a sealed s h i p p i n g  c o n t a i n e r  
w i t h  a l l  e x t e r n a l  openings equipped with p r o t e c t i v e  c l o s u r e s  and p r o t e c t i v e  
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c o v e r s  f o r  any c r i t i c a l  components s u b j e c t  to damage dur ing  sh ipping ,  handl ing ,  
modi f ica t ion ,  and maintenance a c t i v i t i e s .  A motor log book w a s  to be d e l i v e r e d  
wi th  each motor. P r e p a r a t i o n  f o r  shipment was to be i n  accordance wi th  t h e  pro- 
v i s i o n s  of the q u a l i t y  assurance  program and the model s p e c i f i c a t i o n .  
ShiTping c o n t a i n e r s  were provided for the  BSM d e l i v e r i e s  and each motor 
w a s  packsged i n  accordance w i t h  NASA-approved packaging handl ing  and t r a n s p o r t a -  
t i o n  records (PHTRs). I n d i v i d u a l  motor log books accompanying each BSM noted 
t h e  manufacture and acceptance  history as r e q u i r e d  by the  QA requirements .  
4.5 I N I T I A L  RELEASE OF MOTORS TO FABRICATION 
This  paragraph established the  requirement  of NASA approval  of F ses 
and f a b r i c a t i o n  procedures  upon s a t i s f a c t o r y  completion of  the CDR. 
CSD complied with t h e  requirements  of  t h i s  paragraph wi th  t h e  i n i t i a t i o n  
of product ion motor fabr iGat ion  upon N A S A ' s  approval  of  the  CDR. 
4.6 MANUFACTURING PLAN 
T h i s  t a s k  r e q u i r e d  the c o n t r a c t o r  to  prepare  and implement a manufc:turing 
requirements  implementation document. 
CSD complied wi th  t h i s  requirement by g e n e r a t i n g  and s u b m i t t i n g  t h e  
"Manufmturing Requirements Implementation Document ,I' CSD 5180-75-1 1 , on 
24 O C t O b . i +  1975. 
4.7 INSULATION OF A F T  MOTORS 
Change Order  44 t o  the c o n t r a c t  s t i p u l a t e d  that t h e  52 a f t  BSMs and a f t  
hea t  seals were to be i n s u l a t e d  with cork and t h a t  t h e  c o n t r a c t o r  provide cork 
i n s u l a t i o n  k i t s  and procedures  to  complete t h e  cork i n s t a l l a t i o n  a t  KSC. 
CSD complied wi th  the requirements  of t h i s  t a sk  by provid ing  52 appropr i -  
a t e l y  I n s u l a t e d  motors,  a f t  heat seals and a f t  heat Peal mechanical hardware 
sots as directed by t h i s  change order. 
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4.8 CDF INITIATOR QUALIFICATION 
Change Order  16 to the contract directed the d e l t a  qualification tes t ing 
of 32 CDF i n i t i a t o r s ,  P/N 10A00461-X1, Type I ,  Series A ,  4 5 O  indexing configura- 
tion. A l l  documentation associated wi th  t h i s  testing was to be submitted t o  
NASA for review. 
i n  place a t  Space Ordnance Systems (SOS) for the Separatic;  Nut Program. 
Delivery of 60 each of these i n i t i a t o r s  was to P coepleted 
CSD proceeded to  complete t h i s  t a s k  as  directed; however, t h e - ?  '?f+s,  
made an(! tested by SOS, d i d  not successfully complete the test program. 
Change Order 57 s u b s e q u e n t l y  directed an electron beam weld qualification 
program and the :erformance of a delta qualification program using EB welded 
TBIs. Up, successful completion of the  d e l t a  qualification program, a t o t a l  of 
240 EB-welded TBIs were to be delivered. 
CSD successfully completed t h i s  t a s k  and delivered 240 TBIs  apportioned 
two each t o  104 f l igh t  BSMs, s i x  aging and surveillance BSMs, aild s i x  batch 
acceptance BSMs, w i t h  four pairs provided as spares. In  addition, 39 TBIs were 
delivered i n  place a t  SOS for use by NASA on t.ie Separation Nut Program. 
4.9 DELIVERY OF FIRED WTO3 HARDWARE 
4.9.1 
Change Order 55  directed the contractor to reassemble, without propellant, 
two fired BSM qualification motors, inspected and accepted to the applicable 
requirements of IC% 3 - 4 4 0 ~ ,   and deliver both t o  McDonnell Douglas Astronautics 
Co. i n  Huntington Beach. 
CSD complied w i t h  t h i s  direction and completed the shipment to McDonnell- 
Douglas via DD-1149 dated 29 June 1978. 
4.9.2 
Change Order 63 directed the contractor to reassemble, w f t h o u t  prapellant , 
one fired BSM qualification motor, inspected and accepted to  the applicable 
req>irements of I C D  3-44007, and s h i p  t h i s  motor t o  KSC for use by USBI- 
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CSD complied with  t h i s  d i r e c t i o n  and assembled one fired BSM q u a l i f i c a t i o n  
unit and s;iipped t h i s  u n i t  to MSFC on 14 September 1978 v i a  CSD Shipping Order 
021552. 
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5.0 SPARE PARTS 
The c o n t r a c t o r  w a s  r e q u i r e d  t o  i d e n t i f y  and recanmend a list of BSH and 
SEhT spare parts to  NASA for approval .  This list was to i d e n t i f y  items by PIN, 
d e s c r i p t i o n ,  q u a n t i t y ,  use,  l o c a t i o n ,  d e l i v e r y  schedule, consumption rate, and 
cost. 
CSD provided a recommended list o f  RSM and SEhT s p a r e  p a r t s  as r e q u i r e d  by 
t h i s  task. Spares  provided mder t h i s  c o n t r a c t  consisted of the following: 
0 
0 
0 Two BSM forward motort  - P/N B12000-01-01 
0 One BSM af t  motor - PIN Bl2OOO-03-01 
Four p r e s s u r e  trandsucers - P/N 1 6 A  03044-1 
One aeroheat s h i e l d  (cover  o n l y )  - P/N ~12881 
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6.0 MAINTAINABILITY (M) 
This t a sk  r equ i r ed  t h e  c o n t r a c t o r  to e s t a b l i s h  and implement a mainta in-  
a b i l i t y  effort .  to a s s u r e  that the design of the BSH and s t q p o r t  equipment uould 
allow the optimum achievement of o p e r a t i o n a l  and s u p p o r t  r equ i r emen t s  of t h e  
Space S h u t t l e  pr.3gram. 
Although no s p e c i f i c  s e p a r a t e  M a i n t a i n a b i l i t y  (M) Program was performed on 
t h e  BSM program, CSD inco rpora t ed  the basic p r i n c i p l e s  of M i n  the i n i t i a l  BSM 
desigm and dur ing  the desi@ e v o l u t i o n  from a single c o n f i g u r a t i o n  to four 
s e p a r a t e  c o n f i g u r a t i o n s .  
satisfactmy N a s p e c t s  of t h e  BSM. 
Demonstrations performed by USBI have v e r i f i e d  t h e  
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7.0 PROCRAM MANAGEMENT AND SUPPORT 
A l l  managerial  functions and a s s u r a n c e  tasks necessary  to c o w d i n a t e ,  com- 
p l e t e ,  and report  the specified c o n t r a c t  mrk were to be s u p p l i e d  'by the con- 
tractor to e f f e c t i v e l y  d e f i n e ,  implement, c o n t r o l ,  monitor ,  e v a l u a t e ,  and 
r e v i s e  as requi red .  
7.1 PROGRAM DIRECTION 
This task r e q u i r e d  the c o n t r a c t o r  to manage, c o n t r o l ,  and r e p o r t  the 
f 011 owing: 
0 Development, manufacture ,  and o p e r a t i o n a l  phases  of the program 
0 C o o r d i n a t i m  and program l i a i s o n  w i t h  MSFC, Space S h u t t l e  Vehicle 
c o n t r a c t o r s ,  and other c o n t r a c t o r s  and Government o r g a n i z a t i o n s  as 
a p p r o p r i a t e  
P e r i o d i c  t e c h n i c a l  and management r e v i e u s  o f  a l l  work under t h i s  c o n t r a c t .  0 
CSD e s t a b l i s h e d  a program management o r g a n i z a t i o n  to p r o v i d e  t h e  d i r e c t i o n  
and to perform the manager ia l  f u n c t i o n s  necessary  to conduct the program. This 
management o r g a n i z a t i o n  d i r e c t e d  a l l  phases of t h e  program c u l m i n a t i n g  wi th  t h e  
f inal  flight motor d e l i v e r i e s .  
reviews,  both formal ad i n f o r m a l ,  w e r e  suppor ted .  
Report ing occurred monthly and a l l  program 
7.2 DATA 
7.2.1 D e l i v e r a b l e  Data 
7.2.?.1 
The c o n t r a c t o r  was r e q u i r e d  to provide  data necessary  fo r  MSFC management 
v i s i t i l i t y  and t e c h n i c a l  d i r e c t i o n  per I n t e r f a c r .  Requirements Document ( I R D )  
SE-019-024-2H(Mj, E x h i b i t  L, to t h e  c o n t r a c t .  
C S D  genera ted  and submit ted r e q u i r e d  program plans  and r e p o r t s  throughout  
t h e  BSM program ta p r o v i d e  MSFC w i t h  program s t a t u s  and v i s i b i l i t y  of t h e  
ongoing e f f o r t .  
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7.2.1.2 
The c o n t r a c t w  was r e q u i r e d  to provide  a set of e n g i n e e r i n g  dezign draw- 
ings and associated process and manufactur ing documents and lists to EISFC. 
CSD complied with t h i s  requirement  wi th  23 s u b m i t t a l s  of t h e  reQUeSted 
e n g i n e e r i n g  documentation. These s u b m i t t a l s  cont inued throughout the program 
to provide  MSFC with the most r e c e n t  issue or r e v i s i o n  of the  e n g i n e e r i n g  
documentation . 
7.2.1.3 
Change Order 36 r e q u i r e d  the c o n t r a c t o r  to provide  aqlicate sets 01 
fre?lrer.cy modulated (FM) data  tapes of a l l  Bsn firings, ai&% with  a p p r o p r i a t e  
d w t a e n t a t i o n ,  to e n a b l e  a n a l y s i s  of the test data. 
FM t apes  and data p r i n t o u t s  of a l l  BSH p r e q u a l i f i c a t i o n  and q u a l i f i c a t i o n  
s t a t i c  tests were shipped to WFC for their review and a n a l y s i s .  
7.2.2 Other  Data 
The c o n t r a c t o r  uas r e q u i r e d  tc r e t a i n  the s u p p o r t i n g  data used i n  t he  
implementation and e x e c u t i o n  of t h e  c o n t r a c t  for review by t h e  Government upon 
r e q u e s t  . 
CSD maintained all s u p p o r t i n g  data throughout the program and used t h i s  data 
i n  the performance of the program reviews,  a u d i t s ,  and c e r t i f i c a t i o n s .  
7.3 ASSURANCE DISCIPLINES 
T h i s  task r e q u i r e d  t h e  n e c e s s a r y  labor and material to accomplish the 
effort. def ined by t h e  program p l a n s ,  d i s c i p l i n e s ,  and systems created to a s s u r e  
that the  end products  m e e t  the  intended prngram s t a n a r d s .  P lan  requirements  
were d e f i r W  i n  E x h i b i t  L of the c o n t r a c t .  
CSD g e n e r a t e d ,  implemented, and maintained t h e  p l a n s  as p r e s c r i b e d  by 
E x h i b i t  L and d i s c u s s e d  i n  t h e  fo l lowing  s u b s e c t i o n s .  
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7.3.1 Q u a l i t y  Assurance Program 
7.3.1.1 
T h i s  task r e q u i r e d  the  c o n t r a c t o r  to implement and rl lainlain an e f f e c t i v e  
q u a l i t y  i n s p e c t i o n  system meeting tk requi rements  of NHB 5300.4(1c) (see 
s u b s e c t i o n  7.3.1.2). 
7.3.1.2 
The c o n t r a c t o r  uas r e q u i r e d  t o  submit an i n s p e c t i o n  system p l a n  i n  accor- 
dance w i t h  DR R A - l 5 ( H )  uKch satisfied the requi rements  of paragraph 7.3.1.1 
above . 
E D  genera ted  and submi t ted  t h e  " I n s p e c t i o n  System Plan,"  CSD 5180-75-3, 
a n  15 August 1875. Revision A of this p l a n  was submi t ted  on 29 September 1975 
and w a s  approved by MSFC on 29 October 1975. 
7.3.1.3 
This p a r a g r a p l  permi t ted  the use of a Material Review Board (MRB) upon 
approval  of the I n s p e c t i o n  P l a n  a d  C o n t r a c t i n g  Officer a u t h o r i z a t i o n .  The 1'-e 
of d e v i a t i o n  approval  r e q u e s t s  ( D A R s )  w a s  also invoked by t h i s  paragraph. 
CSD conducted an MRB as a u t h o r i z e d  and submitted D A R s  far hardware 
d e v i a t i o n s  a f f e c t i n g  any BSM component critical feature. 
7.3.1.4 
The c o n t r a c t o r  ~-3s r e q u i r e d  to submit  end item acceptance  test procedures  
i n  accordance wi th  DR RA-lg(M). 
CSD provided the end iten acceptance  test procedures  v i a  CSD 5180-78-52, 
dated 1 September 1978. 
7.3.1.5 
T h i s  paragraph r e q u i r e d  t h e  c o n t r a c t o r  to  f u r n i s h  a l l  c o n t r a c t o r  or sub- 
c o n t r a c t o r  workmansnip s p e c i f i c a t i c n s  and s t a n d a r d s  for review by MSFC. 
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The workmanship specifications and s t a n d a r d s  employed on t he  BSM were 
provided t o  MSFC for review during t h e  c o n f i g u r a t i o n  i n s p e c t i o n / a c c e p t a n c e  
review i n  September 1978. 
7.3.1.6 
T h i s  paragraph r e q u i r e d  t h e  c o n t r a c t o r  to submit material and component 
q u a l i f i c a t i w  test procedures  t o  MSFC for approval .  
CSD gene ra t ed  and submitted test procedures  cove r ing  BSM material and c o m -  
ponent q u a l i f i c a t i m  as p r e s c r i b e d  by DR-RA-ZO(M1. 
These s u b m i t t a l s  were provided as follows: 
0 "Material and Camponent Q u a l i f i c a t i o n  T e s t  Planning," CSD 5180-78-25, 
dated 25 Apr i l  1978 
" I g n i t i o n  S y s t e a  Cluster T e s t  P lanning  and Procedures ,"  CSD 5180-78-42, 
dated 25 May 1978 
"CEI Acceptance T e s t  Procedures ,"  CSD 5180-78-46, dated 28 June 1978 
"Weight P l a n  BSM Q u a l i f i c a t i o n  Test," CSD 5180-78-2, Revis ion  A ,  dated 
25 J u l y  1978. 
0 
0 
7.3.1.7 Problem Repor t ing  and C o r r e c t i v e  Ac t ions  
This  paragraph r e q u i r e d  t h e  c o n t r a z t o r  to perform or provide  the f o l l o w i n g  
items regarding problems and co r recL ive  ac t ion :  
0 Cammence non-conformance r e p o r t i p g  at t h e  start of drawing release and 
main ta in  throughout t he  program 
0 Devise a storage and r ap id  r e t r i e v a l  systm for non-confcmance 
informat  i o n .  
0 Implement and ma in ta in  a closed-loop system to e f f e c t i v e l y  moni tor ,  
r e s o l v e ,  and feed  back a l l  nonconformance in fo rma t ion  i n  a t ime ly  manner 
0 Provide problem and r e s o l u t i o n  r e p o r t s  and problem summary r e p o r t s .  
CSD incorpora t ed  the  requi rements  of t h i s  paragraph through the  implemen- 
t a t i o n  of t h e  " I n s p e c t i o n  System P l a n , "  CSD 5180-75-3, Revis ion  A ,  d a t d  
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19 September 1975. 
were genera ted  and submi t ted  dur ing  the program to h i g n l i g h t  t h e  s t a t u s  of 
special program problems as prescribed i n  DR RA-lO(M).  
Problem and r e s o l u t i o n  r e p o r t s  and problem summary reports 
7.3.1.8 
The c o n t r a c t o r  was r e q u i r e d  to submit an end item acceptance data package 
for each CEI . 
CSD provided an end item data package as p r e s c r i b e d  by DR-RA-l7(M) for 
each CEI d e l i v e r e d  under t h i s  program. 
7.3.1 -9 
The c o n t r a c t o r  was r e q u i r e d  to  sgbmit a CEI l i m i t e d  l i fe  items list and 
l i m i t e d  l i f e  waivers ,  as a p p r o p r i a t e .  
CSD submit ted t h e  CEI l i m i t e d  l i fe  i tems  list per DR RA-9 (MI v i a  
C S D  5180-77-9 on 6 May 1977. 
t h i s  program. 
No l i m i t e d  l i f e  waivers  were r e q u i r e d  under 
7.3.1.10 
The c o n t r a c t o r  was required t o  main ta in  a listing of c r i t i ca l  processes. 
C S D  provided the  BSM c r i t i ca l  processes list per DR RA-23 ( M I  t o  MSFC via  
CSD 5180-77-19 on 6 May 1977. 
7.3.2 S a f e t y  Program 
The c o n t r a c t o r  was r e q u i r e d  t o  ( 1 )  g e n e r a t e  a hazards a n a l y s i s  procedure  
and provide a r i s k  managemer,t summary ( h a z a r d s ) ,  and (2)  submit a c c i d e n t 1  
i n c i d e n t  reports as necessary .  
CSD provided the  hazards  a n a l y s i s  procedure per DR RA-21 ( M I  v i a  
CSD 5180-75-15 on 29 December 1975, w i t h  Change 1 submi t ted  on 14 J u l y  1976. 
The r i s k  management summary per DR RA-l3(M) (CSD 5180-76-4) was submit ted on 
27 January 1976. 
and Change 2 was provided on 11 Apr i l  1978. 
Change 1 to t h i s  document was provided t o  MSFC on 14 J u l y  1976 
A t o t a l  of seven a c c i d e n t l i n c i d e n t  
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r e p o r t  s u b m i t t a l s  per DR R A - l I I ( M )  were made during t h e  BSM program. 
a c c i d e n W i n c i d e n t  summaries were provided as p a r t  of t h e  monthly t e c h n i c a l  
r e p o r t .  
Quarterly 
7 . 3 . 3  T r a c e a b i l i t y  
T h i s  paragraph r e q u i r e d  t h e  a m t r a c t o r  to  provide  t r a c e a b i l i t y  i n  accor- 
dance with MSFC Drawing SE-019-33-2H. 
CSD genera ted  and implemented t h e  "BSM T r a c e a b i l i t y  P lan ,"  CSD 5180-TP- 
8500-1, Revis ion  A (dated 4 August 1976), which f u l f i l l e d  t h e  requi rements  of 
t h i s  task. 
7.4 PROGRAM REVIEW MEETINGS 
The c o n t r a c t o r  was r e q u i r e d  to s u p p o r t ,  wi th  n e c e s s a r y  personnel ,  the  
following program reviews: 
0 P r e l i m i n a r y  des ign  review (PDR) a t  MSFC 
0 Critical  desi@ review (CDR) a t  MSFC 
0 Q u a l i f i c a t i o n  c e r t i f i c a t i o n  review (QCR) a t  CSD 
e (Jscrrterly program reviews (QPRs) at MSFC 
0 Monthly reviews ( i f  scheduled)  a t  CSD 
0 T e s t  r e a d i n e s s  reviews a t  CSD 
CSD provided t h e  n e c e s s a r y  persofinel to  suppor t  t he  PDRs, CDRs, and QCR as  
desc r ibed  i n  s u b s e c t i o n s  3 . 1 . 2  here in .  The QCR w a s  he ld  a t  BFC r a t h e r  than  a t  
CSD. A d d i t i o n a l l y ,  a DCR a t  MSFC was suppor ted  by CSD as descr ibed i n  subsec- 
t i o n  3.1.2. 
Two c o n f i g u r a t i o n  i n s p e c t i o n / a c c e p t a n c e  reviews (one i n  September 1978 f o r  
motors and one i n  December 1978 for covers )  were alro he ld  dur ing  t h e  program 
j u s t  before t h e  i n i t i a l  shipment of motors and cov:?rs. 
The q u a l i f i c a t i o n  tes t  r e a d i n e s s  review w a s  s u c c e s s f u l l y  completed at CSD 
on 15 March 1978. 
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7.5 PROGRAM PLAN APPROVALS 
T h i s  paragraph ident i f i ed  the approval s t a t u s  of the fo l lowing plans 
previous ly  provided to MSFC: 
0 "New Technology Plan," CSD 5180-75-2, approved i s sue  dated 1 1  September 
1975 
"Configuration Management Plan," CSD 5180-75-4, approved i s s u e  dated 
25 August 1975 
0 "Design and Development Plan," CSD 5180-75-1, Revision A ,  approve i s s u e  
dated 19 September 1975 
"Inspection System Plan," CSD 5180-75-3, Revision A ,  approved i s s u e  dated 
19 September 1975. 
0 
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8.0 AEROHEATINC SHIELD ( AHS) 
This s e c t i o n  of t h e  SOW w a s  added v i a  Supplemental  Agreement No. 54 based 
upon the n e c e s s i t y  to  provide  a d i s t i n c t l y  s e p a r a t e  d e s i g n  for forward and a f t  
Bas. 
described below. 
The Aeroheat ing S h i e l d  Program w a s  to be performed i n  three phases  as 
8.1 PHASE I - AEROHEATINC SHIELD FEASIBILITY STUDY 
T h i s  phase provided for a f e a s i b i l i t y  s t u d y  t o  determine the most desira- 
ble approach to accommodate an a e r o h e a t i n g  s h i e l d  (AHS) on the  forward BSM. A 
r e p o r t  o f  the r e s u l t s  of the phase I effort was to be provided t o  MSFC. 
CSD conducted a s i g n i f i c a n t  amount of effort dur ing  t h e  f e a s i b i l i t y  s t u d y  
phase ,  which was r e p o r t e d  on i n  CSD 5180-76-14, dated 9 August 1976. 
8.2 PHASE II - DESIGN AND DEVELOPMENT 
Phase I1 o f  the  AHS program was to c o n s i s t  o f  t h e  d e s i g n  and development 
of two a l t e r n a t e  cover concepts  and was to i n c l u d e  f u l l - s c a l e  t e s t i n g  on demon- 
s t r a t i o n  motors and t h e  v i b r a t i o n  of a nozzle-cover subassembly. This t a s k  
also inc luded  t h e  f a b r i c a t i o n ,  assembly, and test of two humidi ty  motors of 
each c o n f i g u r a t i o n  (forward and a f t )  which were to  be s u b j e c t e d  t o  a 6-month 
storage time a t  KSC. 
CSD completed t h e  des ign  and development phase of the AHS program with suc- 
c e s s f u l  demonstrat ion of two cover  concepts .  One concept was based on a retrac- 
table  cover  des ign  and t he  other on a hinged cover des ign .  The hinged cover  was 
chosen as t h e  most a p p r o p r i a t e  design and was s u b j e c t e d  to in-depth development 
tests for des ign  Refinement and e v e n t u a l  q u a l i f i c a t i o n  and product ion.  The 
phase 11 e f f o r t  w a s  r e p o r t e d  via  CSD 5180-78-69, dated 4 January 1979. 
After CDR, a cover test f a i l u r e  occurred wherein t h e  frangible l i n k  failed 
dur ing  a p r e q u a l i f i c a t i o n  motcr v i b r a t i o n  test. Subsequent e v a l u a t i o n  of t h e  
des ign  and tes t  parameters  and f e a t u r e s  led to  an improved cover  des ign  and a 
test program i n c o r p o r a t i n g  r e v i s e d ,  more rea l i s t ic  test c o n d i t i o n s .  
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Two humidity motors, one forward and one af t ,  each equipped w i t h  its aFpro- 
p r i a t e  cover ,  were s u b j e c t e d  t o  6 months of on-pad storage a t  KSC. 
motor was s u c c e s s f u l l y  test  f i r e d  on 12 J u l y  1979. The forward motor could  not  
be i n s t a l l e d  normally i n  the  test s tand  because a mis loca ted  motor case mount- 
i n g  h o l e  prevented i n s t a l l a t i o n  i n  the test s tand .  However, t h e  test s t a n d  
at tachment  holes  were modified to accept  t h e  motor and the forward humidi ty  
motor was s u c c e s s f u l l y  test  fired on 12 September 1979. R e s u l t s  of t h e  humid- 
i t y  motor testa were r e p o r t e d  i n  CSD 5180-80-152, dated 12 March 1980. 
The a f t  
8.3 PHASE I11 - i,IGHT AND QUALIFICATION HARDWARE FABRICATION 
This phase of t h e  A H S  program w a s  to c o n s i s t  of t h e  f a b r i c a t i o n  of  AHSs 
for use i n  q u a l i f i c a t i o n  t e s t i n g  and f o r  f l i g h t  motor d e l i v e r i e s .  It also 
inc luded  any modifications r e q u i r e d  to ex i t  cones,  s h i p p i n g  c o n t a i n e r s ,  or a f t  
heat seals. 
CSD s imul taneous ly  provided A H S  covers  for both q u a l i f i c a t i o n  testing and 
fl ight motor d e l i v e r i e s  to suppor t  N A S A  f l i g h t  schedules .  CSD s u c c e s s f u l l y  
q u a l i f i e d  t h e  AHS design as described i n  t h e  "BSE; C e r t i f i c a t i o n  Report ,"  
CSD 5180-79-109, dated 30 A p r i l  1979. F i n a l  d e l i v e r i e s  were completed on 
21 June 1980, wi th  t h e  shipment of 36 AHS sets t o g e t h e r  wi th  19 a f t  heat seal 
sets. 
8.4 AEROHEAT SHIELD CONFIGURATION 
T h i s  paragraph es tabl ishes  the c o n f i g u r a t i o n  of the A H S  t o  be as i d e n t i -  
fied v i a  Change Order 2a, wi th  a l l  t he  CDR R I D S  and comments i n c o r p o r a t e d .  
CSD complied w i t h  t h i s  requirement  i n  t h e  performance of the Phase 111 
e f f o r t  discussed above. 
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